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(71) We, BRISTOL AEROJET LIMI- 
TED, a Company registered under the Laws 
of Great Britain, of Banwell, Weston-super- 
Mare, Somerset^ do hereby declare the inven- 
tion, for which we pray that a patent may be 
granted to us, and die method by which it 
is to be performed, to be particularly 
described in and by the following statement: — 
This invention relates to electrodeposited 
composite coatings, Le. coatings which con- 
sist of an elecrrodeposited metal matrix with 
included particles which are codeposited with 
the matrix. The particles are suspended in 
the electroljTe containing the metal ions for the 
matrix and are substantially insoluble in the 
electrolyte and, during the plating operation, 
become included in tbe plated matrix. 

It has already been proposed to employ 
various metals as the matrix, for example 
nickel and copper, and it has also been pro- 
posed to employ various particles, for ex- 
ample alumina and graphite. However, the 
coatings of the present invention arc believed 
to have a wear resistance which is better, and 
surprisingly better^ than the coatings hitherto 
proposed. 

According to one aspect of the present in- 
vention, an elecrrodeposited composite coating 
comprises, as deposited, a matrix which is at 
least 50% by weight cobalt and particles 
included in the matrix which are at least 
50% by weight chromium carbide, at least 
50% by weight of the particles having a 
particle size of less than ten microns and pre- 
ferably between 2 and 5 microns. 

The particles will normally be present in the 
coatmg, as deposited, in an amount of less 
than 50%, by weight, and in most cases less 
than 40% by weight. Aldiough, as deposited, 
all the panicles may be wholly chromium 
^rbide, there may be a minor proportion 
by weight of other particles; for example, 
diere may be 5%, by weight of tungsten car- 
bide_ particles. Although preferably all the 
pamcles have a size between 2 and 5 microns. 
It may not be practicable completely to avoid 
a small quantity of fines below 2 microns 



and possibly some larger particles due, for 
example, to agglomeration. However, prefer- 
ably more than 80% by weight of the particles 
lie within the specified limits. 

The coatings may be appHed to a variety 
of components subjected to wear such as aero- 
engine components, particularly those likely 
to operate at elevated temperatures, bearing 
surfaces, racket nozzles, and tubes and nozzles 
carr>'ing abrasive substances. The coatings 
may be applied to the whole component but 
more frequently they will be applied to only 
a portion of its surface. The electrodeposition 
technique is particularly suitable to the protec- 
tion of selected areas and the coating of 
complex, re-entrant and inaccessible areas do 
not present any great problems. 

It has been found by means of extensive 
tests tliat coatings in accordance with tiie 
invention have markedly better wear resistance, 
particubrly at elevated temperatures, than 
other electrodeposited composite coatings 
which would be expected to have a very 
similar wear resistance. 

The wear resistance properties are markedly 
unproved by heating and preferably, there- 
fore, the coatings are subjected to heat treat- 
ment before use or are applied to components 
which will be used in sudi a manner that at 
least the region of the coating close to the 
surface of the coating wiU be heated during 
use. If heat treamient is employed the coat- 
ing is preferably held at a temperature above 
500°G for a period in excess of uvo hours, 
the preferred ranges being between 850°C 
and llOO^C for a period of between two and 
tv/ent>-four hours. The heating may be fol- 
lowed by a water or oil quench. Alternatively 
or in addition, ±e coating may be subjected 
to some fonn of working such as grinding and 
lapping which raises the temperature of the 
region of the coating close to the surface, 
for example, at least uvo Angstroms of thick- 
ness, sufiicientiy to enhance the wear resistance 
properties of the coating. 

Where the coating is used for a component 
which in use becomes heated because of fric- 
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tion, e,g. as a bearing surfece, a heat treat- 
ment eidier by furnace or by working may be 
carried out during the course of manufacture 
as mentianed above or may be unnecessary 
5 depending upaa the particular use. Where 
there is no manufacturing heat treatment it 
may, in some cases, be desirable to use the 
coating under no load or light load conditions 
for an initial period during which the wear 
10 resistance properties of the coating are 
enhanced by the heat generated by friction 
before the component is subjected to full load 
conditions. Thereafter, as material is slowly 
removed from the surface by wear the under- 
15 lying layers will be successively heated so that 
the surface will always be afforded by a 
heat treated layer. 

It is believed that the unexpectedly good 
wear resistance properties possessed by the 
20 heat treated coatings of the invention are 
due to three factors. The first of these is 
that during heat treatment there is diffusion 
of cobalt into the chormium carbide particles 
thus producing particles of cobalt, chromium 
25 and carbon in a cobalt matrix. It is possible 
that there is some shght diffusion of chromium 
and carbon into the cobalt but tests indicate 
that this is very slight if it occurs at alL This 
diffusion of cobalt into the carbide particles 
30 can occur readily in an electrodeposited com- 
posite because there are substantially no oxide 
fihns around the partides and complete metal- 
lurgical 'wetting' takes place. The diffusion 
of cobalt into the chromium carbide prefer- 
35 ably produces an increase in the total volume 
of the particles in the coating of at least 50% 
and has been found in some cases to mcrease 
the size of the particles by as much as 100% 
in volume thus greatiy increasing the propor- 
40 tion of hard particles in the coating, and it is 
believed that the particles now consist largely 
of a complex chromium-cobalt-carbide. In 
addition to the effect produced merely by the 
increasttl proportion of carbide present in the 
45 composite coating, the increase in particle 
size resulting from the diffusion of cobalt 
into the particles causes the particle 
boundaries to migrate so that a new interface 
is formed which is clean and strong, 
50 The second factor wluch enhances the 
properties of the coatings which have been 
heat treated is that the cobalt matrix is modi- 
fied. The cobalt as deposited is in the close- 
packed hexagonal form with a very high 
55 energy state. At temperatures above 417^C 
cobalt changes to a face-centred cubic form 
and it is probable that almost all of the f.c.c. 
fonn is retained on subsequent cooling 
whether slow or rapid. The effect of heat 
60 treatment is therefore to reduce the energy 
level of the as-deposited cobalt. 

The third factor is that heat treatment 
produces an increase of grain size of the cobalt 
matrix. The second and third factors com- 
65 bine to change a matrix which is brittle and 



which tends to break lil<e glass with separation 
occurring between the matrix and the particles 
in the region of fracture to a matrix which 
is tough and ductile, the line of fracture 
when the coating is broken passing through 70 
both matrix and particles. 

A further effect of heat treating is that som^ 
at least, of the particles which originally were 
in the form CrgCo are transferred to the MtQ 
form, where M represents both cobalt and 75 
chromium since both are present in the com- 
plex carbide which is produced by heat treat- 
ment. 

Thus, according to another aspect of die 
present invention, an electrodeposited com- 80 
posite coating, wherein diffusion has occurred 
within the coating, comprises a matrix which 
consists wholly or contains at least 90% by 
weight of cobalt and particles included in the 
matrix which particles comprise a complex 85 
chrcmium-cobalt-carbide. Preferably the par- 
ticles are present in an amount of between 
30% and 65% by volume. The lower limit 
is preferably 40%. 

Elecirodeposrtion may be carried out using 90 
a standard plating badi containing the 
chromitim carbide particles dispersed through 
the electrolyte- Various means may be used 
to maintain the particles in homogeneous sus- 
pension by two preferred means will now be 95 
described with the accompanying drawings, 
in which: 

Figure 1 is a diagranmiatic view of the 
first form of the apparatus^ 

Figure 2 is a side elevation of the second 100 
form of the apparatus; and 

Figure 3 is a fragmentary section on the 
line ni— III in Figure 2. 

The apparatus shown in Figure 1 of the 
drawing comprises a container 1 of circular 105 
cross-section having a conical bottom section 
2 which is connected to a peristaltic pump 3 
by a feed mbe 4. A suction tube 5 has its 
free end 6 dipping into the plating solution 
7 in the container 1 and leads to the suction 110 
inlet of the pump 3. A branch pipe 8 having 
an open upper end above the surface 9 of the 
solution 7 opens into the pipe 5. 
^ A pure cobalt anode 11 dips into the solu- 
tion 7 adjacent the side wall of the con- 115 
tainer and the component 12 to be coated is 
suspended in tiia centre of the container 
1 as the cathode. The anode and cathode are 
connected to a 15 volt supply. 

The process is carried out as follows. The 120 
plating solution with the appropriate propor-* 
tion of solid particles is placed in the con- 
tainer and the pump 3 is started. This widi- 
draws solution through the pipe 5 and returns 
it to the container at the bottom of the conical 125 
portion 2. Air is drawn in dirough the branch, 
pipe 8 and is delivered with xhe solution to 
the container. The pump therefore produces 
a continuous circulation of solution and pro- 
duces a flow of air bubbles upwards through 130 



BNSDOCID: <GB 1358538A__I_> 



1,358,538 



3 



the solution in which the article to be coated 
is suspended This tends to maintain the 
particles evenly distributed through the solu- 
tion in the container and tends to prevent 

5 the formation of large agglomerations of 
particles. The rate of circulation, which can 
be adjusted by altering the speed of the pump 
3, and the proportion of air drawn in, which 
can be adjusted by altering a restriction at the 

10 upper end of the branch pipe 8, are selected 
to give the rate of circulation which approxi- 
mately balances the gravitational forces on the 
particles in the container so that the particles 
in the container arc maintained in suspen- 

15 sion and eidier rise or fall in the solution 
quite slowly. 

The apparatus shown in Figures 2 and 3 
comprises a rectangular tank 11a containing 
a bath of plating solution 12a and particles 

20 which are to be codeposited. In the tank 11a 
there is a plate agitator 13 having perfora- 
tions 15 (Figure 3) througji it. At xht central 
point 14 of each of two opposite sides the 
plate agitator is attached to one arm 16 of an 

25 inverted U-shaped member 17> one arm 16 of 
which is within the tank and the other arm 
18 is outside the tank. The inverted U-shaped 
members 17 are arranged to reciprocate in a 
vertical dircction so as to reciprocate the per- 

30 forated agitator plate 13 in tiie region adjacent 
the bottom of the container between the posi- 
tion shown in dotted lines in Figure 2 and 
a position below the area in which deposition 
takes place. The distance moved by the 

35 agitator plate is conveniently about -\ the 
depth of the bath. The U-shaped members 
17 are guided in brackets 21 situated outside 
the tank and rigidly attached to a cylinder 
22. Attached to the arm 18 of the U-shaped 

^ member 17 is a yoke 23 which is also attached 
to a piston rod 24 of a piston 25 which 
reciprocates within the cylinder 22. Reciproca- 
tion of the piston and piston rod, therefore, 
causes the U-shaped member and the agitator 

45 plate to reciprocate. The movement of the 
pistons is controlled by means which are not 
shown. 

An anode 24 dips into the solution 12a 
adjacent one side wall of the tank and the 
50 components to be coated are suspended adja- 
cent the centre of the bath as the cathode. 
The anode and the cathode are coimected 
to an electricity supply via control equipment 



of the kind normally employed for plating. 

The process is carried out as follows. When 55 
plating is to take place, reciprocation of the 
plate 13 by the piston is begun. Thus the plate 
sweeps approximately the bottom third of the 
bath which produces vigorous agitation of the 
solution as it is forced through the perfora- 60 
tions 15 and the narrow clearances between 
the edges of the plate and the walls of the 
tank. The particles are, therefore taken into 
suspension. When the solution has been 
agitated for a sufficient time for it to become 65 
homogeneous the components to be plated are 
loaded into the bath and the plating current 
is switched on and plating proceeds in the 
normal way. Reciprocation of the plate 13 is 
continued throughout the plating operation to 70 
maintain the homogeneity of the solution. 

Electrolytic composite deposition preferably 
occurs at a current density in the range of 
1 to 7 amps per square decimetre of area being 
plated with a preferred value of 4 a/dm=. 75 
Currents in this range have been found to 
produce deposits ranging from 19% to 29% 
volume content of chromium carbide which are 
satisfactory levels. A cturent density much 
below 1 a/dm^ produces a deposit with an 80 
insufficient quantity of particles while much 
above 7 a/dm- the deposit tends to be un- 
acceptable because of nodular edge growth. 

It has been found that satisfactory deposi- 
tion occurs if the pH of the plating bath 85 
is maintained between 3.25 and 5.5 with a 
preferred value of pH 4.7. 

Best results are obtained if the tempecature 
of the plating bath is maintained between 20°C 
and 65°C with an optimum value of about 90 

5o°a 

The concentration of carbide particles in 
the electrolytic bath affects the projKJrtion in 
the deposited coating and should preferably 
not be below 300 grams per Ktre. It is found 95 
that increases in concentration much above 
550 g/1 produce littie increase in the pro- 
portion of particles in the deposited coating. 
The preferred concentrations 500 g/1. 

The invention will be iEustrated by the 100 
following Example. 

A test piece of steel was coated in the 
apparatus shown in Figures 2 and 3. The tank 
contained an electrolytic bath of the follow- 
ing composition: 105 



Cobalt sulphate (CoSO., . 6H20) 40 oz/gal (250 g/1). 

Sodium chloride (NaCl) 2i oz/gal (16 g/1). 

Boric acid (H3BO3) 5 oz/gal (31 g/1). 
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The bath also contained 500 g/1 of 
chromiimi carbide (CraQ) powder having a 
particle size of 2 to 5 laicrons mean particle 
diameter. The bath had a pH of 4.7 and dur- 
5 ing deposition it was mamfamed at a tempera* 
tuie of approximately 50°Q 

The test piece was first degreased in tri- 
dilorethyiene vapour and was thm diot blasted 
with grade 50/* alumina shot at a working 
10 air pressure oi 75 pounds per square inch. 
The agitatjor in the bath was diea switched 
on and when the particles had become distri- 
buted throu^ the bath the test piece was 
connected to the current supply as the cathode 
15 and was inserted in the bath. The current 
was adjusted to give a density of 4 a/dm=^. 
After a time sufficient to produce a coating 
thickness of 125/i the test piece was removed 
from the bath and was washed and dried. 
20 Part of the test piece was then examined in 
the optical microscope and the micrograph 
shown in Figure 4 was obtained at 1000 fold 
magnification. This shows discrete chromium 
carbide particles in the cobalt matrix. 
25 The test piece was then heat treated by 
being maintained at a temperature of 
1,000°C for four hours followed by an oil 
quench. Part of the test piece was again 
examined microscopically and the micrograph 
30 shown in Figure 5 was obtained at 1000 fold 
magnification. It will be seen that the particles 
have become enlarged and have tended to 



coalesce. As mentioned abovei^ this is due to 
diffusion of cobalt into the carbide particles. 
It was found that the diamond pyramid micro- 35 
hardness had risen from 465rbl0 to 600:ii20. 
^ Similar test pieces were produced using a 
simikr bath but with particles of tungsten 
carbide and silicon carbide respectively. 

The test pieces were then tested for wear 40 
at temperatures between 200°C and 700°C 
against four materials commonly employed in 
the manufacture of aero engines. These 
materials were the alloy known as Nimonic 
80A i(N 80A), a nickel base casting alloy 45 
designated C 242, a cobalt base alloy known 
by the trade name Haynes 25 and the 127o 
chromium steel designated S/S J2. NIMONIC 
is a Registered Trade Mark. Tha wear tests 
were carried out in a wear testing machine 50 
which reciprocates a spherical specimen to be 
tested on a plane surface of the other material 
of the couple imder a constant load and with 
constant stroke length for a pretennined num- 
ber of cycles. Wear is ascertained by direct 55 
measm-ement of the wear scars produced on 
the test specimen and the other material of 
the couple and is expressed in volume lost. 
The results of the tests are given in the follow- 
ing Table and it will be seen that at tern- 60 
peratures of SOO^^C and upwards, the coatings 
containing chromium carbide have a very con- 
siderable superiority over those combining 
tungsten carbide and silicon carbide: 
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The apparatus shown in Figure 1 is also 

J^T^ jPatent No. 

i,zi8,i79 which ciauns a process for the 
electrodcpositioa of a composite coating com- 
5 prising a metal matrix containing particles 
in which ptocMs the particles are co-deposited 
with the metal from a solution in whi^h the 
^rtides are insoluble, and in which process 
,ft ™? solution IS circulated tiirough the con- 
10 tamCT m which eleqrodepositioa takes place 
gas bemg admitted to the container to pro-' 
duce a generaUy upward flow of solution and 
gas m the vicimty of the surface on which 
aeposidon is occurring. 
15 The apparatus shown in Figures 2 and 3 

1,329,081 which claims, according to one 
aspect, app.,ratus for the ^ectrodeposition of 

20 °f ^ "letal matrix 

20 with particulate additions, the apparatus in- 
cludmg a contamer for tiic electrotyte and Se " 
parude^ an electrode in the container, an 
e ectncal connection to the dectmdei a g^- 
aUy honzontal perforated agitator a region 
25 ac^acent the bottom of the container, 

means for reciprocating the agitator in a 
verucal directions the Patent also claims! 
aocordmg to a second aspect, a method of 
30 rn^or"^ '^^'^P^^f? coatings consisting of a 
30 metal matnx vnth particulate ad(Mtions 
m which mediod electrolytic depoS 
metal iakes pkce in a solution w^ch S^ 
msohible particles, the solution being Sd 
by mayement generally up and dlwn of a 
35 generally honzontal perforated agitator S a 
part of die solution below and ^aced fLt 
the part used for deoosition 
WHAT WE CLAIM IS: — 
40 electrcdepositcd composite coating 

t Tjy? \ "^^'2^' co^'alt and particles 
mdudcd m the matrix whidi are at iS 
50% by weight diromium carbi^ at S 

45 iJ- of the particles^hlring ? 

45 particle size of less than ten micionT^^ 

.„t,-t, ^"^'^"f « claimed in Claim 1 in 
which at least 50% by ^veight of Aep^rtidS 
have a particle siz^ as deposited, of beS 
two and five microns. "cwccn 

whL^ "^'^i ''^^^^ in Claim 2 in 
n1^^ I by weight of the 

of bet^veen two and five microns. ^"^^^ 
« coatmg as daimed in any of tli*- 

55 preceding ckims which, after depoliion Ss 
been treated to produce diffusion 
into the carbide particles. ^"o*iic 
5. A coating: as claimed in Claim 4 m 

60 65% by volume of carbide particles ^'^ 
.rru f^^.^^^deposited comoosite' coatiiKT 



prise a complex chromium-cobalt-carbide: 

7. A coating as claimed in Claim 6 in which 
the particles are present in an amount of 
between 30% and 65% by volume. 

8. A coating as claimed in Claim 6 or Claim 70 
7 m which the particles are present in an 
amount of at least 40% by volume. 

9. AcoatingascIaimedinCIaimfioraahn 
/ <H" Olaim 8 in which some of the partides 

are present in the fbmiJW,Q where Mrepre- 75 
sents bodi cobalt and chromium. 

10. A method of producing a coating which 
compn^ electrodepoating a matrix of cobalt 
and codqwsiting witii the matrix particles 
suspended m the dectrolytic bath the particles 80 
bang at least 50% by weight chromium car- 
bide, at least 50% by weight of the partides 

Tf ® t size of less than ten microns. 

11. A method as claimed in Claim 10 in 
. which at least 50% by weight of the partides 85 

have a pamde size between two and five 
microns. 

•12 A method as claimed in Claim 11 in 
which more dian 80% by weight of the par- 

fiSln& ""'^^ ^'"^"^ ^^<i 90 

r.,^?- A method as claimed in Claim 10 or 
Claim 11 or Qaim 12 in which the deposited 
ccmposite coatmg is heat treated to produce 
diffusion of cobalt into die carbide pkrtidec 95 
..A- . ^ claimed in Claim 13 ^ 

whica tne heat treatment comprises maintain- 
ing lae coatmg at a temperature above SOO^C 
tor a penod m excess of two hours. 

15. A mediod as claimed in Qaim 13 JOO 
oraarniMinwhichtheheattteatmeTpr" 
duces an increase in the total volume of the 
parodes m the coatmg of at least 50% 

C!i^t7'"^'^•^^''i^™^'^ ^ Claim il or 
Claim 12 or Claim 13 in which a surface of 105 
Ae coating IS subjected to working so as to 
produce diffusion of cobalt into the carbi^ 

ot at least two Angstroms m whidi the volume 
of Ae carbide particles is increased by at least 110 

lO^m ""^"^^ "1 aiiy of Claims 

in f f,,ri f Which the process is performed 
m a batii from which solution is withdrawn 
and returned to the bath in a regionS 115 
than tlm from which it was withdrawn^ 

of ^'^"^'^ ''^ ^« lowerTegton 

of the batii to maintain tiie partides M 
suspension. i""""es m 

int ^>r^^°t^^ in any of Qaims 120 

in a bih 'V""^'-^ P™=^ « performed . 
m a bath which is agitated by the movement 
generally up and down of a gcneraUy hori- 
zonal perforated agitator plate in the part 
of tile oath below the part used for dcposi- 125 

claimed in any of Claims " 
10 to 18 in which deposition is carried out at 
a current density in die range of 1 to 7 amn- 
per square decimetre. ^' 130 
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20. A method as claimed in any of Claims 
10 to 19 in which deposition is carried out 
in a bath having a pH between 3.25 and 5.5. 

21. A method as claimed in any of Claims 
10 lo 20 in which dq)osition is carried out 
in a bath at a tcmpcratuie between 20*^0 
and 65<^C. 

22. A method as claimed in any of Claims 
10 to 21 in which deposition is carried out 
in a bath containing between 300 and 550 



grams per litre of chromium carbide particles. 

23. A method of producing a coating sub- 
stantially as described in the foregoing 
Example. 

24. A coating when produced, by a method 
as claimed in any of Claims 10 to 23. 

KILBUKN & STRODE, 
Chartered Patent Agents^ 
j^gents for the Applicants. 
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